
FORTY YEARS OF PRESCRIBED BURNING
ON TiLE SANTEE FIRE PLOTS:

EFFECTSON OVERSTORY AND MIDSTORY VEGETATION

ThomasA. WaidropandF. ThomasLloyd1

Abstract—Severalcombinationsof seasonand frequencyof burningwereappliedin CoastalPlain loblolly
pine (PinusisedaL.) standsovera40-yearperiod. Pinegrowthwasunaffectedby treatment. Above-
groundportionsof smallhardwoods(lessthan 12.5cmd.b.h.)werekilled and replacedby numerous
sprouts. With annualsummerburning, sproutswere replacedby grassesandforbs. Study results
emphasizetheresilienceof southernforeststo low-intensityburningandthat frequentburningovera long
periodis neededto producesignificantchangesto foreststructureandspeciescomposition.

INTRODUCTION
It is well establishedin the literatureandin other papersat
this symposiumthatfire hasbeena majorecologicalforce in
the evolution of southernforests. Ecologicaland
meteorologicalevidencesuggestthat lightning-causedfires
werea majorforcein creatingopenpineforestsin the
Southeast(Komarek1974). Archeologicalevidencehas
establishedthepresenceof Paleo-lndiansin the regionas
early as 12,000yearsago(Chapman1985). Themovement
of Indian tribesfor gameandcroplandcreatedvariable
patternsof fire frequencyacrossthelandscape,thus
producinga mosaicof vegetationtypesandstandages
(Buckner1989). Southeasternforestsdescribedby the first
white settlersof the 1600’sand 1700’swere often openpine
andhardwoodstandswith grassesunderneath.Early writers
suggestedtheseopenforestsowed their existenceto frequent
burning(Bartram1791; Harper1962;Van Lear andWaldrop
1989). Frequentburningcontinuedthroughthe early 1900’s,
when fire protectionpoliciesof theU.S. Departmentof
Agriculture, ForestService,andcooperatingStateForestry
agenciesattemptedto preventtheuseof fire. Prescribed
burningfor fuel reductiongainedacceptancein the 1940’s and
1950’s,but only after a seriesof wildfires showedthe
disastrousconsequencesof fire exclusion(Pyne 1982). As a
result, contemporaryforestsdevelopedwith a dense
understoryand a largerhardwoodcomponent.

It canbedifficult to appreciatetheimportantroleof fire in
shapingthe speciescompositionandstructureof Southeastern
forests. The changesfire causesin plant communitiescanbe
slow anddependon fire intensity, theseasonandfrequencyof
burning,andthe numberof successivefires used.
Opportunitiesto observechangesin vegetativecharacteristics
over long periodsarelimited. A long—termstudy by the
SoutheasternForestExperimentStation maygive an
indicationof theecologicalrolefire onceplayed. The
experiment,known as theSanteeFire Plot Study,was
establishedin 1946. Various combinationsof seasonand
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frequencyof burningwere maintainedfor over 40 years.
Previouspapershavecomparedtheeffectsof thesevarious
fire regimeson pine growth,understoryvegetation,and soil
propertiesat specificyearsduring thestudy. This paper
discusseschangesto thestructureandspeciescompositionof
theoverstoryandmidstoryas they occurredovertime and
relatesthosechangesto presettlementfire frequencyand
effects. Changesto understoryvegetationafter43 yearsof
burningarepresentedin anotherpaperin theseproceedings
(White andothers1991).

DESCRIPTION OF THE STUDY
Study plots areon theSanteeExperimentalForestin Berkeley
County,SC, andon the WestvacoWoodlandsin neighboring
GeorgetownCounty. Both areasareon a Pleistoceneterrace
on the Lower CoastalPlain at 7.5 to 9.0 m abovesealevel.
Soils include a varietyof seriesbut aregenerallydescribedas
poorly drainedUltisols of mediumto heavytexture(McKee
1982). Soils areconsideredproductivewith a site indexof 27
to 30 m for loblolly pineat age50. In 1946, theoverstoryof
both study sitesconsistedof unmanaged,but well-stocked
even-agedstandsof loblolly pine. Commonmidatoryspecies
weredogwood(Cornusfl2rj~a L.), hickory (Carva~.),

southernred oak (QuercusfalcataMichx.), postoak (Q.
~jjata Wangenh.),wateroak(Q. ni2ra L.), andwillow oak
(Q. vhellos L.). TheSanteestandwas42 yearsold when the
studywasinitiated, while theWestvacostandwas36 years
old. Both standsresultedfrom naturalregenerationafter
logging. No evidenceof previousburningwasobserved.

Six treatmentplots,0.1 hain size,wereestablishedin eachof
five replications. Threereplicationsareon theSantee
ExperimentalForestandtwo areon the Westvacowoodlands.
Treatmentsinclude: (1) periodicwinterburning, (2) periodic
summerburning, (3) biennialsummerburning, (4) annual
winterburning, (5) annualsummerburning, and(6) an
unburnedcontrol. All winterburningwasdoneon December
1 or as soon afterwardasweatherpermitted. Summer
burningwasdoneon or soon afterJune1. Periodicburns
were conductedwhen25 percentof the understoryhardwood
stemsreached2.5 cm in diameterat breastheight (d.b.h.).
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This prescriptionresultedin variableburningintervals
rangingfrom 3 to 7 years. Annualburninghasnot been
interruptedsince1946. Biennialsummerburning wasadded
to the study in 1951.

To protect the study,burningtechniqueswere selectedto
ensurelow fire intensity. Selectionwasmadeat the time of
burningbasedon prevalentfuel andweatherconditions. In
general,backingfireswere usedon periodicallyburnedplots
that hadthick underbrushor whenhot anddry weather
increasedthe risk of high-intensity fires. Headftresor strip
headfireswere usedon annuallyburnedplots that hadlittle
underbrushor whenfuels were too moist to supporta backing
fire.

OVERSTORY PINES
Loblolly pineremainedthe dominantoverstoryspeciesin all
studyplots from 1946 to thepresent. However,growthrates
may havebeenaffected. TheSanteeFire Plots weredesigned
to studyeffectson understoryvegetationwith little
considerationto treegrowth. Detailedrecordsof thenumber
andsizeof treeswere not kept throughoutthe history of the
study. Therefore,comparisonsof treatmenteffectson
diameterandheightgrowth wereconductedthrough
incrementcoreanalysisandstemanalysisprocedures,
respectively. A more detaileddescriptionof thesemethods
was givenby Waldrop andothers(1987).

Basalareaperhectarefor eachburningtreatmentthroughout
the studyis shownin figure 1. Sincerecordsof tree
mortality were not kept, figure 1 representsthebasalareaof
only thosetreesthat surviveduntil thetime of sampling
(1984). Differencesin the levelsof thesecurvesrepresent
differencesin numbersandsizesof treesin treatmentplots in
1984,ratherthan treatmenteffects. If burningtreatments
alter treegrowth rates,the effectwould be shownas
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Figure 1.—Cumulativebasalareaof treessurviving from 1946
through1984 by burningtreatment.

differencesin the slopesof thesecurvesratherthan
differencesin the relativeheights. All curvesin figure 1 are
generallyparallel, indicating that burningdid not affect
diametergrowth. Basalaresincrementduringeachof four
10-yearperiodswassubjectedto analysisof covariance,using
measuredstandbasalareato adjustgrowth ratesfor stocking
effects. Thesetests indicatedthat differencesbetweenthe
slopesof lines werenot significantfor anyperiod
(alpha ‘0.05).

Mean treeheight for eachtreatmentthroughoutthe lives of
thesestandsis shownin figure 2. Curvesareveryclose
together,indicating that treesin varioustreatmentplotshad
similar height growthpatterns. During the last 30 years,
treesin plots burnedannuallyin winteror summerappearto
haveslightly reducedheight growth. Thesedifferenceswere
not significant, however,when comparedby analysisof
variance(alphao.05).
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Figure2.—Mean heightof sampledtreesby burningtreatment
from 1905 through1984.

The lack of differencesin diameterandheightgrowth was
unexpected.We expectedthat theselow-intensity fires would
not causeenoughcrown damageto reducegrowth, andthat
vegetationcontrol andincreasedsoil fertility resultingfrom
prescribedburningwould improvegrowth. However,
overstorypinesaveraged40 yearsold at thebeginningof the
studyandwereprobablytoo old to respondby the time these
site changesreachedmeaningfullevels. Eventhough McKee
(1982)showedincreasesin phosphorusandcalcium
availability, no fertilization studiesin the CoastalPlain have
shownpositive responsesto theseelementsin treesof this
age. In addition, soil moistureis rarely limiting to pine
growthon thesepoorly drainedCoastalPlain sites,evenwhen
competingvegetationis not controlled.
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MIDSTORY

Diameter Distribution
Speciescompositionof midstory vegetationchangedlittle
sincestudyestablishment.Dogwood,hickory, andoakshave
remainedcommonon all treatmentplots since1946.
However,repeatedmeasurementsof the midstory showthat
diameterdistributionof thesehardwoodshasbeenchangedby
thc variouscombinationsof seasonand frequencyof burning.
The d.b.h. of all hardwoodsin all plotswasmeasuredat
studyestablishment(1946), at year20 (1966), and at year30
(1976). Laterdescriptionsareunavailabledueto severe
damagefrom Hurricane Hugo in September1989. Stem
numbersin eachof five diameterclasses(<2.5 cm, 2.6-7.5
cm, 7.6-12.5cm, 12.6-17.5cm, and 17.5+ cm) wereusedas
dependentvariablesin a split-plot designof an analysisof
varianceto comparetreatmentdifferencesovertime. V/hole-
plot effectswere thosecreatedby burningtreatmentswhile
the yearssincestudy establishmentweresub-ploteffects.
Meanseparationwasby linearcontrast(alpha = 0.05).

At thebeginningof thestudy,unburnedcontrol plots
appearedto be undisturbed. Every sizeclassof hardwoods
from lessthan2.5 cm to over 17.5 cm d.b.h. waspresent
(fig. 3A). Diameterdistribution followed a reverse-ipattern
with numerousstemsin small sizeclassesandfew stemsin
largerclasses.The numberof stemsin eachsizeclassvaried
somewhatovertime as individual treesgrew into larger
classes. However, thereverse-ipatternremained.

Hardwooddiameterdistributionswere alteredby periodic
winterburnsandperiodic summerburns. For both
treatments,thenumberof stemsin the smallestsizeclass
(0-2.5cm) increasedsignificantly betweenyear0 andyear20
andbetweenyear20 andyear30 (figs. 3B and3C).
Hardwoodnumbersin the next two classes(2.6-7.5cm and
7.6-12.5cm) decreasedsignificantly over the sameperiods.
With periodic summerburning,the smallestsizeclass
increasedfrom approximately11,000to over 19,000stems
perhectareby year30. The 2.6- to 7.5-cm sizeclasswas
mostaffected, decreasingfrom over 1,100to approximately
100 stemsperhectarein both periodictreatments.Most
changesoccurredduring the first 20 years,but the changes
continuedat a reducedratethroughyear30.

Hardwoodsgreaterthan 12.5 cm d.b.h.weregenerally
unaffectedby periodic winter andsummerburning(figs. 3B
and3C). At the beginningof thestudy,thesetreeswere old
enoughto beprotectedby thick bark andtall enoughthat
their buds wereprotected. Most stemslessthan 12.5 cm
d.b.h. were too small to surviveburning. However,root

systemsof thesesmaller treessurvived andproducedmultiple
sprouts,causingthe increasein stem numbersin the smallest
sizeclass. Burns werefrequentenoughto preventthe growth
of sproutsinto a largersizeclass. Fewerthan 10 percentof
the treesin the 2.6- to 7.5-cm d.b.h. classsurviveduntil year
30. Treesof this intermediatesizeclassaresusceptibleto
top-kill from occasionalflareupsor hot spots. Sincehot spots
occurmore often duringthe summer,fewer treesof this size
classsurvivedperiodic summerburnsthan periodic winter
burns.

Annualwinter burning eausedchangesin the hardwoodd.b.h.
distributionsimilar to periodic winter andsummerburning.
Most stemsin the 2.6- to 7.5-cmd.b.h. classwere top-killed
or girdled during the first few years. Stem numbersin this
sizeclassweresignificantly reduced(from approximately
1,200per hectareto lessthan 100)by year 20, with no
additionalreductionthroughyear30 (fig. 3D). The number
of stemsper hectarein the smallestd.b.h. class(0-2.5cm)
increaseddramaticallyover the30-yearperiod. By year 20,
this sizeclasshadincreasedsignificantly from 16,000to
21,000stemsper hectare. Betweenyears20 and30, that
numberincreasedto over47,000perhectare. Most of these
stemswere sproutsless than I m tall. Sinceannualwinter
burnsallow sproutsa full growing seasonto recoverfrom
fire, manyroot systemssurvivedandproducedlarger
numbersof sproutsafter eachfire. In year 44, White and
others(1991)founda slight decreasein the numberof stems
per hectarein annualwinterburn plots anda substantial
decreasein coverby woodyplants. Eventhough sproutsare
still numerous,thesedecreasesmay indicatedeclining sprout
vigor.

Annual summerburning hasnearly eliminatedwoody
vegetationin the 0- to 2.5-cm d.b.h. class(fig. 3E). Root
systemswereprobablyweakenedby burningduring the
growing seasonwhen carbohydratereserveswerelow.
Burningwas frequentenoughto kill root systemsof all
hardwoodslessthan 7.5 cm d.b.h. duringthe first 20 years.
A few hardwood seedlingsappearedeach spring but did not
survivethe next fire. As with other treatments,the number
of stemsbetween2.6 and 12.5em d.b.h.wassignificantly
reducedby annualsummerburningandthe majority of the
changeoccurredduring the first 20 years. Stemnumbersof
hardwoodsover 12.5 cm d.b.h. wereunaffectedby annual
summerburning.

Root Mortality
Patternsof hardwoodrootstockmortality observedduringthe
first few yearson the SanteeFire Plots promptedinvestigators
to expandthe study. In 1951, biennialsummerburningwas
addedto providea comparisonwith annualsummerburning
to study root systemsurvival for four hardwoodspecies
(Langdon1981). Individual treeswereobservedrepeatedlyto
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determinethe numberof burnsrequiredto kill their root
systems. With annualsummerburning (fig, 4A), mortality
wasrapid for swectgum(LictuidambarstyracifluaL.) and
waxmyrtle (Myrica cerifera L.), nearing100percentwithin S
years. Oaksandblackgum(Nyssasylvatica Marsh.)were
more difficult to kill, requiringapproximately20 yearsto
reach 100percentmortality. Biennial summerburning(fig.
4B) waslesseffective in killing root systemsof all species
tested. After 26 years(13 burns), mortality amongthe oak
speciesremainedlessthan50 percent. With biennialburning,
root systemshavean entire growing seasonto recover.

Apparently,that time is sufficient for carbohydratereservesto
accumulateenoughto allow someresistanceto fire.
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Figure4.—Cumulativemortality of hardwoodroots over26
yearsof (a) annualsummerburningand(b) biennialsummer
burning(Langdon1981).

SpeciesComposition
Survivalof hardwoodsover12.5cm d.b.h. wasunaffectedby
burningtreatmentsand, therefore,changesin species
compositionamonglargertreeswere not observed.The
majoreffectof burning treatmentswasto kill the
abovegroundportion of stemssmallerthan 12.5 cmd.b.h.
With most burningtreatments,however,root systems

survivedand sprouted. If burningwasstoppedor delayed,
sproutswould eventuallygrow into themidstoryproducinga
standwith speciessimilar to unburnedcontrols. Variations
amongspeciesin plants’ abilities to regenerateafter fire
createdchangesin thespeciescompositionof regeneration
(fig. 5). In year 44, controlplots werecoveredmostlyby
shrubswith somegrassesandhardwoods(White andothers
1991). Totalcoveragewasincreasedby periodic winter and
summerburnsdueto increasedsproutingof hardwoodsand
shrubs. Total coverageafter annual‘winter burnswasgreater
than in controlplots, but speciescompositionhadchanged.
Burning greatlyreducedtheshrubcomponent,which was
replacedby grassesandforbs. However,numeroushardwood
sproutsremained. Annual summerburningwas theonly
treatmentwhich eliminatedregenerationof hardwoods. In
theseplots, the shrubsandhardwoodsthatwere dominant in
1946 were replacedentirely by grassesandforba.

DISCUSSION AND CONCLUSIONS
All treespecieson the SanteeFire Plotswerewell adaptedto
frequent low-intensityburning. Thick bark and highcrowns
protectedthepinesfrom damageandno growth losswas
detected. Hardwoodsover 12.5 cmd.b.h. wereprotectedby
thick bark andmost survived. During the first few yearsof
the study,most hardwoodsbelow 12.5cm d.b.h. wereeither
top killed or girdled, particularlyby summerburning.
However,root systemssurvivedandprodtccdmultiple
sprouts. Annualsummerburningovera 20-yearperiod was
the only treatmentthateliminatedhardwoodsprouts.

The responseof treespeciesto theselong-termprescribed
burningtreatmentswasconsideredminimal. Only onemajor
trendwasobserved. Small hardwoodswerereplacedby large
numbersof sproutsduring theearly yearsof the study.
Later, thosesproutswere replacedby grassesandfoxi,s. The
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Figure 5.—Percentcrown coverageof all understoryplants
after 44 yearsof prescribedburning(Whiteandothers1991).
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gradualchangefrom small hardwoodsto grassesandforbi
wascompletedby only the most intensivetreatment,annual
summerburning. Whiteand others(1991)provideevidence
that sproutvigor is decreasedby annualwinterburning,
suggestingthat thesesproutsmay eventuallybeeliminated.
However,a largeregenerationpool of hardwoodsstill exists
after44 yearsof treatment. Periodicburnsdid little to reduce
numbersor vigor of hardwoodsprouts.

Hardwoodsproutsurvivalwasaffectedby the seasonand
frequencyof burning(Langdon1981). Hot summerfires
conductedeachyearwhencarbohydratereservesarelow
producedrelatively rapid (20 years)mortality of hardwood
rootatocks.Periodicwinter, periodic summer,and annual
winter burningallow at leastonegrowingseasonfor sprouts
to storecarbohydratereservesin root systemsand, therefore,
resistmortality. Without annualsummerfires, it is
questionablewhetherhardwoodsproutscanbe eliminatedby
fire.

This study emphasizesthat frequentfires over long periods
areneededto createandmaintainthe opencharacterof pine
forestsdescribedby earlyexplorersin theSoutheast.
Periodic burningover40 yearsdid little to eliminate
hardwoodsandsupporteda denseunderstoryshrublayer.
Annual winter burnsmaintainan openunderstorywith
vegetationgenerallyless than 1 in tall. However,that
understoryincludesnumerouswoody sproutsanda dense
hardwoodmidstorywould return if burningwasdelayeda few
years. Of all treatmentstested,only annualsummerburns
producedanopenunderstorywith no hardwoodregeneration.
However,presettlementforestsdid not supportthe midstory
hardwoodspresentin studyplots. In addition to frequent
low-intensity fires, an occasionalhigh-intensity fire or other
disturbancewould eliminate largehardwoods.

Although the SanteeFire Plot Studyprovidesinformation on
thefrequencyandnumberof fires requiredto createand
maintainopenpineforests,differencesexist betweenits
controlledexperimentalconditionsandtheenvironmentof
presettlementfires. Annual fires setby Indianswere
controlledonly by weatherandgeographicbarriers.
Therefore,fire intensity wasprobablyhigherthanin the
Santeestudy. Also, largeherdsof deer(Odocoileus
virrinianus)browsedthe openforestsandgrasslands.Hotter
fires and intensebrowsingwould causehighermortality rates
of hardwoodsprouts. TheSanteeFire Plots were dominated
by loblolly pine,whichwasmuchlesscommonthan longleaf
pine minus palustrisMill.) prior to the20th century. Since
loblolly pineseedlingsaresusceptibleto fire, pine
regenerationis unlikely to escapethe frequentfires on study
plots. Seedlingsof longleafpineareresistantto fire during
thegrassstage. Prior to the 20th century, longleafpine
seedlingsprobablyescapedto form the overstoryduring short
gapsin fire frequencyor in localizedareaswherefire
intensitywaslow.
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